Abstract: Two trials were conducted to study the effect of feeding barley silage on the behaviour and performance of beak-trimmed laying hens. In each trial, 20 hens and 2 roosters were housed in each of eight group-housed enriched cages, with four cages provided a laying hen diet and four cages additionally given free access to barley silage. Egg production and quality, and hen behaviour were assessed throughout the trials (Trial One 20-30 weeks; Trial Two 19-28 weeks). Data were analysed using Proc Mixed of SAS 9.4 and differences were significant when P ≤ 0.05. Silage-fed hens consumed 41 (13.9 g DM) and 50 (13.5 g DM) grams of silage per hen per day in Trials One and Two, respectively, while consuming less layer diet. Birds fed silage spent less time expressing aggressive and feather-pecking behaviours and in nest boxes, and more time feeding than control birds. Egg production, egg quality, and bird weight were not affected by treatment; yolk colour was darker for the silage treatment. Feathering quality was improved in silage-fed birds compared to control birds. It was concluded that providing hens with access to barley silage can improve welfare indicators without negatively affecting the egg production and egg quality.
Introduction
Severe feather pecking is a behavioural vice in laying hens that can lead to cannibalism and death. It is affected by both internal (i.e., genetic and innate behaviours) and external (i.e., environmental, social, and management) factors (Blokhuis and Arkes 1984; Blokhuis 1986; Savory et al. 1999; Kjaer et al. 2001; Choct and Hartini 2003; Bestman et al. 2009; Wysocki et al. 2010; Rodenburg et al. 2013; Daigle et al. 2014 ). The motivation for feather pecking remains uncertain; however, previous research has suggested several options. One concept is that nutrition plays an important role in feather-pecking behaviour in laying hens. A deficiency of dietary protein and amino acids, and factors such as the nature and level of dietary fibre can affect the incidence of feather pecking (Savory et al. 1999; McKeegan et al. 2001; Bosch et al. 2007; van Krimpen et al. 2011b) and are just some examples demonstrating the role of nutrition. Another premise suggests that feather pecking is a redirected behaviour associated with ground pecking. In caged birds such as laying hens, a substrate for ground pecking is not available and therefore bird focus turns to conspecific feathers (Blokhuis and Arkes 1984; Blokhuis 1986; Rodenburg et al. 2004; Newberry et al. 2007; Wysocki et al. 2010 ). This behaviour may originate from social exploration (McAdie and Keeling 2000) , but turns into damaging feather pecking. Regardless of the root cause of feather-pecking behaviour, there is little doubt that damaged plumage translates into economic and welfare concerns.
Suggestions to improve plumage and associated damage from feather pecking are numerous. It has been proposed that when laying hens are exposed to enrichment items (wood shavings, straw, hay bales, etc.), the occurrence of feather pecking decreases (Gvaryahu et al. 1994; Sanotra et al. 1995; Huber-Eicher and Sebö 2001; McAdie et al. 2005; Daigle et al. 2014) . Novel stimuli, such as string (Jones et al. 2002) , suet holders with various substrates (Dixon et al. 2010) , and hay bales (Daigle et al. 2014) , have been shown to reduce the incidence of feather pecking by altering hen perception of the environment and, in turn, alter flock social dynamics. The fact remains that environmental enrichment must be both beneficial for the animals and practical for the producer (Daigle et al. 2014) . Changing a bird's focus in a cage setting in a practical manner may be difficult to accomplish because of the cage floor and nature of the feeding system. However, providing novel feed ingredients may be an alternative to traditional enrichment methods. Silage, commonly used in the beef and dairy sectors, contains many sizes and types of food particles, which might stimulate foraging behaviour. In addition, chickens appear to favour silage and, so, may spend more time eating/investigating the material, thereby reducing the incidence of feather pecking (Steenfeldt et al. 2007 ).
Based on this premise, this study was designed to determine the consumption of barley silage by laying hens when given free access to both regular laying hen feed and silage, and to determine if feeding silage alters bird behaviour and (or) reduces feather pecking when hens are in group-housed enriched cages where feather pecking is a frequent occurrence (Schwean 1995) . It was hypothesized that feeding barley silage to laying hens in group-housed enriched cages would reduce the expression of aggressive and feather-pecking behaviours.
Materials and Methods
The experimental protocol was approved by the Animal Care Committee of the University of Saskatchewan and was performed in accordance with recommendations of the Canadian Council on Animal Care as specified in the Guide to the Care and Use of Experimental Animals (Canadian Council on Animal Care 1993).
Birds and housing
Two trials were conducted each with 160 White Leghorn hens. The chicks were beak trimmed at 1 d of age at the hatchery (Steinbach Hatchery and Feed Ltd., Steinbach, MB) using a hot-blade trimmer. Hens were floor raised with roosters on litter until housing in the experimental cages. Twenty hens and two roosters were randomly assigned to one of eight group-housed enriched cages. Same aged males were included in pens as the research cages also served as a source of fertile eggs for other research. Trial One was initiated at 20 weeks of age and had a duration of 11 weeks (20-30 weeks of age inclusive), whereas Trial Two was initiated at 19 weeks and lasted 10 weeks (19-28 weeks of age inclusive).
The cages used in this research have been previously shown to elicit moderate to severe feather pecking (Schwean 1995) and, thus, were an appropriate model to test the impact of barley silage provision. The locally manufactured cages (Fig. 1 ) were 1.2 m in width × 1.8 m in length with a height of 1.2 m, and were suspended over a shallow manure scraping track. The cages allowed for 982 cm 2 cage floor space per bird (not including perch space). The cage floor consisted of a 75% open plastic grid. The front of the cage had two separate panels of horizontal bars extending the full length of the cage. Two feeders (1.80 m feeder space each and 8.2 cm per bird per feeder) were attached to each side of the cage exterior just above the floor level. Three perches were mounted at a height of 0.60 m, which ran along the length of the cage. The perches were spaced 0.38 m from each other and allowed a roosting space of 16.2 cm per bird. The water was delivered through nipple drinker lines hung underneath the two outside perches (four per line totaling eight nipple drinkers per cage). In order to meet the laying needs of the hens, a 1.20 m long × 0.54 m wide group-housed nest was mounted on the rear section of the cage (0.60 m above cage floor) with two nest openings and one metal divider to form two interior sections. The nest had a floor slope of 7°a nd was made of 2.54 cm × 5.08 cm wire mesh, covered with plastic, nonbacked pliable broiler breeder Astroturf. Solid wall dividers placed between cages prevented birds from observing adjacent cages. In both trials, lighting increased from 8L:16D to 14L:10D at 19 weeks of age and provided a light intensity of 10 lux. The room temperature was kept constant at 20°C for the duration of each trial.
Experimental diets and design
Each dietary treatment was replicated four times and treatments were arranged in a completely randomized design. Birds in four cages were provided with a nutritionally balanced wheat and soybean meal-based laying hen diet (mash form; Table 1 ) ad libitum in two feeders. The hens in the other four cages were given free access to barley silage in one (back) feeder in addition to the laying hen diet in a second (front) feeder. A large particle calcium source, Sure Shell Calcium (IMASCO Minerals Inc., Surrey, BC), was also provided ad libitum in the event a high proportion of silage was consumed, reducing laying hen diet consumption, and therefore, preventing hens from meeting their calcium requirement. Sure Shell Calcium was provided to both treatments in separate feeders attached to the inside of each cage. The proportions of the Sure Shell Calcium passing through 9.50, 4.75, 2.36, 1.65, 1.117, and 0.60 mm hole size sieves were 100, 48.4, 2.34, 1.89, and 0.60%, respectively. Small amounts of barley silage were given to the silage treatment hens 3 weeks before initiation of data collection to allow the birds to acclimate to the feedstuff.
Barley (cultivar -Rosser) was grown to approximately mid-dough stage before swathing and ensiling in a tower silo at the University of Saskatchewan Dairy Research and Teaching Unit. Barley silage was collected from the silo approximately every 2 weeks (trials differed by silage batch and moisture content; ∼66% in Trial One and ∼73% in Trial Two), placed in sealed containers, and kept frozen until use to ensure freshness. Values used for DM intake calculations were 34 and 27% for Trials One and Two, respectively. In Trial One, silage was subsampled weekly (550 g) into plastic bags and placed back in the freezer until approximately 5 min before feeding to permit thawing. In Trial Two, containers were removed from the freezer before each silage feeding and the appropriate amount of silage weighed for each cage. The amount of silage placed in feeders was based on previous silage consumption, ensuring constant access to silage and minimizing silage wastage. Silage was given to the birds twice a day in the provided feeder; Trial One at 1030 h and 1530 h, and Trial Two at 0930 h and 1300 h.
Fresh and left-over silage samples were collected in both trials and analysed for dry matter (AOAC 930.15 1990) (Salmonsson et al. 1984) , crude protein (AOAC 990.03 2005) , and calcium (Zasoski and Burau 1977) . Amino acid analysis was only completed on the fresh samples of silage (AOAC 994.12 2005) .
Data collection
Birds were weighed at the beginning and end of each trial. Fresh silage samples were taken weekly and submitted for chemical analysis. Leftover silage was weighed daily and pooled, from which samples were taken and also submitted for chemical analysis. The laying hen diet and Sure Shell Calcium intake were recorded weekly (Trial One) or bi-weekly (Trial Two).
The behaviour of the birds was observed for each cage via scan sampling by a single and the same observer on 1 d per week at 20, 22, 24, 26, 28 , and 30 weeks of age in Trial One, and at 20, 22, 24, 26, and 28 weeks of age in Trial Two. Order of cage observation was randomly assigned. Observations were made over a 10-min period per cage after birds adjusted to the presence of the observer for 5 min; scan sampling occurred every 30 s (Altmann 1974) . Behaviour was recorded according to descriptions provided in Table 2 . Bird behaviour was observed from 1300 to 1500 h in Trial One and 1400 to 1600 h in Trial Two. All observations were made at a light intensity of 40 lux.
All birds were feather scored by two trained observers at the end of each trial as per the method described by Davami et al. (1987) . Visual scores on five areas of the body (neck, breast, back, wings, and tail) were based on a score varying from one (no feathers, skin injuries) to four (full feather cover, no injuries).
Egg production data were collected for 5 d per week and corrected to 7 d. Mortality was recorded daily. Hen-day production (HDP) and hen-housed production (HHP) were calculated. Total egg weight per cage, egg-specific gravity (Solomon 1991) , and yolk colour using a Roche Yolk Colour Fan (Vuilleumer 1969) were determined at 21, 23, 25, 27, and 29 weeks of age in Trial One, and 29 weeks of age in Trial Two.
At 29 weeks of age, in Trial Two only, blood samples were collected into 2.0 mL vacutainer tubes (Becton, Dickinson and Company, NJ, USA) containing EDTA from all hens by superficial venipuncture of the brachial vein. Tubes containing blood samples were placed on a mixer for approximately 5 min immediately after collection and then stored at 4°C for approximately 24 h before smears were prepared in duplicate. Smears were dried for another 24 h before staining with Wright-Giesma Stain (EMD Chemicals purchased from VWR, Lot number 4215). Proportions of heterophils and lymphocytes in 60 white blood cells were determined using oil immersion microscopy (Gross and Siegel 1983; Robertson and Maxwell 1990 ).
Statistical analysis
A complete randomized design was assigned to feed intake, egg production, egg quality, feather scores, endof-trial body weight, and H:L. Cage served as the experimental unit and data were analysed using Proc Mixed of SAS (SAS Institute, Cary, NC) as a one-way analysis of variance. Behavioural data were expressed as a percentage of birds performing a specific behaviour, and then log + 1 transformed prior to statistical analysis. Behaviour data were analysed with a repeated measures design using Proc Mixed of SAS where differences were considered significant when P < 0.05 and means separated by LSD. Letters were assigned to separate means using pdmix800 (Saxton 1998) .
Results

Feed intake
Consumption of laying hen diet and silage were calculated on a dry matter basis, whereas intake of Sure Shell Calcium is shown on an as-is basis. In both trials, control birds ate more regular laying hen diet than the silage-fed hens (Table 3) . Silage intake was relatively consistent for both trials with 13.9 and 13.4 g DM h −1 d −1 for Trials One and Two, respectively, or approximately 41 and 49 g h −1 d −1 on an as-is basis. In Trial One, the total dry matter intake (layer diet and silage) was not affected by treatment, although there was a trend toward increased DM intake in silage-fed hens (P = 0.12). In Trial Two, silage-fed birds had a higher intake than the control hens with overall means of 90.5 and 87.3 g h −1 d −1 , respectively. Consumption of Sure Shell Calcium was not affected by dietary treatment in either trial.
Examination of nutrient levels of fresh silage and silage remaining at silage replacement (Table 4) revealed that silage lost moisture between feedings, but overall, there were no major differences in composition.
Behaviour
The effects of dietary treatment and age on recorded behaviours for Trials One and Two are shown in Tables 5  and 6 . In both experiments, providing access to silage decreased the proportion of hens expressing aggression and severe feather pecking, whereas age affected aggression and severe feather pecking in Trial One, but not in Trial Two. The age effect in Trial One was due to a lower level of aggression and severe feather pecking at 20 weeks in comparison to other ages. Feather pecking was similarly affected by feeding silage and age. In both experiments, the proportion of hens feather pecking was lower for silage-fed birds, and age affected feather pecking in Trial One, but not in Trial Two (P = 0.097). In Trial One, feather pecking was lower for weeks 20, 26, and 30 in comparison to weeks 22, 24, and 28. The proportion of hens in nest boxes was lower for silage-fed hens in Trial One and approached a significant reduction (P = 0.07) in Trial Two. Age did not affect nest box use.
The presence of hens at the front and back feeders was affected by both feeding silage and bird age. In Trial One, more hens with access to silage spent time at the front feeder. In contrast, diet did not affect use of the front feeder, but feeding silage increased the use of the back feeder in Trial Two. Age was found to have an effect on the proportion of birds located at the front feeder in Trial One, with the smallest proportion at 20 weeks of age. The proportion of hens eating Sure Shell Calcium was not affected by diet in either trial and was affected by age only in Trial One. The ranking (high to low) of the proportion of hens at the Sure Shell Calcium feeder was 22, 20, 28, 30, 24 , and 26 weeks of age in Trial One. The proportion of hens feeding (feeder front and feeder back; feeder front and feeder back and Sure Shell Calcium) was higher for the silage-fed birds than the controls in both Trials One and Two. Age effects were not observed in either of the trials.
Object pecking, preening, drinking, and resting were not affected by access to silage in either trial. Age effects were found for preening in both trials; the proportion of hens preening was lowest at 20 and 22 weeks of age and increased thereafter in Trial One, whereas in Trial Two no obvious age trend was noted. Drinking and resting were also affected by age in Trial One, however, not Table 3 . Consumption of layer diet, silage, layer diet and silage, and Sure Shell Calcium by laying hens fed regular laying hen diet with and without ad libitum access to barley silage (n = 4).
Trial One Trial Two
Layer diet intake (g hen in Trial Two. The proportion of hens drinking, resting, and standing were affected by age in Trial One. Age effects in Trial Two were seen only for proportion of hens standing. No obvious pattern was found for the proportion of hens resting or drinking.
The interaction between dietary treatment and age approached significance for Sure Shell calcium consumption (P = 0.06) and standing (P = 0.07) in Trial One, and was significant for standing in Trial Two (data not shown). In Trial Two, the number of hens standing declined with age, with the degree of reduction greater for the silage-fed birds.
Feather score
At the end of each trial, feather scores for all body areas, as well as total feather score, were improved in silage-fed hens compared to the controls (Table 7) .
Production and egg quality
Egg production values for Trials One and Two are presented in Table 8 . The HDP and HHP values were very similar due to low mortality (Trial One -3 birds; Trial Two -5 birds). One bird in Trial One died from cannibalism in the control treatment. Silage feeding had no effect on either HDP or HHP. There was no effect of feeding treatment on body weight gain in either of the trials. On average, hens weighed 1.21 and 1.23 kg at the beginning, and 1.60 and 1.51 kg at the end of Trials One and Two, respectively. Specific gravity and weight of eggs were not affected by dietary treatment in either trial. Feeding silage increased yolk colour in both trials (Table 8 ).
Heterophil to lymphocyte ratios (H:L)
Feeding silage did not affect the H:L ratio in hens [mean values of 0.17 and 0.16 for control and silage-fed hens, respectively (SEM = 0.01)].
Discussion
This study was designed to determine the consumption of barley silage by laying hens when provided free access to both regular laying hen ration and silage, and to determine if feeding barley silage alters bird behaviour in hens housed in enriched cages. Hens consumed approximately 41 and 50 g bird −1 d −1 of barley silage on an as-is basis (in Trials One and Two, respectively) when given ad libitum access, despite the fact that they had free access to a nutritionally balanced laying hen ration. The hens were notably excited and anxious to eat silage after placement into the feeder in both trials despite the silage being produced in different years and being visually different. These findings are consistent with Steenfeldt et al. (2007) , who fed maize and barley-pea silages. The research conducted by Steenfeldt et al. (2007) suggests, and the present research supports, that Note: Means within the same row and main effect with different lowercased letters are significantly different (P ≤ 0.05). SFP = severe feather pecking; SEM = standard error of the mean.
a Means represent a percentage of birds engaged in a particular behaviour.
b Diet (D) × age (A) interaction significance; P-value ≤ 0.10; NS = nonsignificant (P > 0.05).
c Sum of time feeding at front and back feeders. d Sum of time feeding at front and back feeders as well as consuming Sure Shell Calcium. Note: Means within the same row and trial with different lowercased letters are significantly different (P ≤ 0.05). SEM = standard error of the mean.
a Feather scores are based on a subjective scoring system of 1-4 with a score of 4 being full feather cover (Davami et al. 1987) . Total is the sum of scores from the five areas of the body (neck, breast, wings, back, and vent).
hens find silage to be an attractive feed material regardless of the composition.
Hens consuming barley silage reduced their intake of balanced layer diet by 11.0 and 11.6% in Trials One and Two, respectively. As a result, hen total dry matter intake was only marginally increased (Trial One -4.1%; Trial Two -3.7%) in the silage-fed birds. Despite the fact that nearly 15% of the dry matter intake of silage-fed hens was silage and contained low levels of nutrients, their egg production, egg size, and end of trial body weight were similar to the control hens. This suggests that nutrient digestibility was improved by feeding silage, possibly in association with increased gizzard size and resulting improved digestibility as a result of the increased intake of fibre and larger size particles in silage. This apparent improvement in digestibility is supported by previous research where inclusion of large particle size materials (oat hulls, whole grain, wood shavings) improved starch digestibility in broilers and laying hens (Hetland and Svihus 2001; Hetland et al. 2002 Hetland et al. , 2004 van Krimpen et al. 2011a) .
It can be speculated that the reduced amount of feeder space available for the silage-fed hens may have accounted for the reduced consumption of balanced layer diet and the high level of silage intake. Silage-fed hens were provided with 4.1 cm of linear trough space per hen for the balanced diet in contrast to 8.2 cm for the control hens. Evidence suggesting feeder space did not impact diet, and silage intake is provided by research examining feeder space allocation (5.8, 7.1, 8.4, 9.7, 10.9, or 12 .2 cm per hen) for hens housed in conventional cages (Thogerson et al. 2009a) . They found that reduced feeder space did not negatively impact feed intake and did not affect egg production or body weight. Hens given less feeder space spent less time feeding and de-synchronized their feeding pattern, but did not use aggressive behaviour to gain access to the feeder (Thogerson et al. 2009b) . Similarly in the present research, there were no observations of birds being crowded or interacting aggressively during feeding. The equal nature of key performance data (egg production, egg weight, body weight) further indicate that hens were able to meet their nutrient requirements with the existing feeder space allocation. Therefore, the authors conclude that feeder space is unlikely to have been a major factor in determining the consumption of balanced diet and silage.
Feeding barley silage in addition to a balanced laying hen ration reduced feather pecking and aggression in group-housed White Leghorn laying hens in the present study. In turn, these changes in behaviour resulted in improved feathering at the end of both trials. Diet dilution is recognized to increase feeding time in laying hens and thereby reduce time performing other behaviours. Approximately 9.6% more silage-fed hens in the present study were eating (mash and silage) than the control hens, which is similar to the reduced proportion of hens (8.5%) demonstrating aggressive and feather-pecking behaviour or being in the community nests.
More control hens were in nest boxes compared to birds offered silage. This behaviour was observed in the afternoon, and so is less plausible that hens were laying eggs. With the increased aggressive behaviour in the control treatment, hens may have been hiding in the nest boxes to flee pecking attacks. Hens being attacked were observed to run into the nest boxes and exit when the aggressive hen moved on. Aggressive hens were not observed following the pecked hens into the nest boxes. Based on these observations, it appeared that hens used the nest boxes as an escape, in addition to its usual purpose. The premise that hens use nests as a safe haven when being chased or attacked has been previously suggested Duncan 2000a, 2000b) . Alternate explanations for the increased presence of control hens in nest boxes are possible and could include increased time available because of the reduced amount of time spent feeding.
The mechanism whereby barley silage affects featherpecking and aggressive behaviour is not established in this work and the basis of the attraction of hens for Note: Means within the same row, trial, and response variable with different lowercased letters are significantly different (P ≤ 0.05). SEM = standard error of the mean.
a Hen-day egg production -HDP; hen-housed egg production -HHP. b Determined using a Roche Yolk Colour Fan (Vuilleumer 1969) .
silage is unknown; however, this knowledge has value because it could be extrapolated to management and (or) nutrition strategies for use in reducing feather pecking, and potentially ensuing cannibalism. If silage consumption fulfilled a specific nutritional need not being met by the balanced diet, one might expect preferential selection of a particular component(s) rich in nutrients such as starch. However, nutrient analysis of fresh and left-over silage showed minor differences in measured components, indicating birds were eating all components of the silage. Thus, the consumption of silage in the presence of a nutritionally balanced diet suggests that the reasons hens consumed silage was not to fulfill a specific need for nutrients such as energy or protein. Therefore, the partiality of hens to silage is likely the result of a component present in all parts of the silage, or its physical properties. Important characteristics of silage are its high moisture content (66-73% for the two trials conducted for this study) and the fermentation process used in its production. Prior research has shown that birds prefer to consume feedstuffs with increased moisture levels (El Kaseh and Forbes 1995; Beyer et al. 2002; Whitehead and Scott 2005) and therefore it is possible that this is a factor responsible for the attractiveness of silage for hens. During silage production, fermentation changes the original substrate (barley swathed at the mid-dough stage) and produces a wide range of fermentation products such as vitamins (e.g., vitamin B 12 ; Leeson and Summers 2001; Green and Miller 2007) and volatile fatty acids (Wolford 1984; McDonald et al. 1991) . It is possible that these changes or products stimulate consumption.
Other compositional and physical aspects of silage that might affect its attractiveness are its high fibre content and wide range in particle shape and size. It has been hypothesized that chickens have a requirement for structural components either in the diet or via foraging to stimulate development of, and passage through, the digestive tract (Hetland et al. 2004; HarlanderMatauschek and Bessei 2005) . The consumption of these components increases digestive tract capacity (Hetland and Svihus 2001) , gizzard size and weight (Steenfeldt et al. 2007; Singh et al. 2014) , and increased gizzard activity, which have been speculated to increase a bird's sense of satiation (Hetland and Svihus 2001; Hetland et al. 2002; Steenfeldt et al. 2007; van Krimpen et al. 2011a) . Therefore, the consumption of silage in the present research might be related to the uniform particle size and low fibre nature of the layer diet.
Fibre can influence multiple sections of the digestive tract, which makes it difficult to pinpoint the exact mechanism that induces a "calming" effect, as manifested by reduced aggression and feather-pecking behaviours. Choct and Hartini (2003) suggest that birds require structural components in their diet to regulate the passage rate for digestion which commercial diets may lack. Low fibre diets reduce the time feed spends in the crop and gizzard, which, in turn, may lead to an increased volume of nutrients entering the small intestine in a short span of time. Increased nutrient load may cause discomfort, which they suggest leads hens to alter their behaviour. In contrast, high fibre diets stimulate gizzard activity and size, which leads to a more uniform passage of digesta into the small intestine. Choct and Hartini (2003) also suggested that a more rapid digesta transit time associated with insoluble fibre may promote birds to eat more to provide gut fill and thereby affect cannibalism. Diet dilution with insoluble fibre also leads to hens spending more time eating and thereby less time for aggressive behaviour.
Normal heterophil and lymphocyte counts for an adult White Leghorn hen are approximately 13.1 and 76.1 out of 100 cell counts, respectively, or a heterophil to lymphocyte (H:L) ratio of 0.17 (Sturkie 1986 ). The values in this experiment are comparable to this value. Heterophil to lymphocyte ratios have been shown to assess levels of stress (Gross and Siegel 1983; de Jong et al. 2005) . Previous research suggests that providing high levels of dietary fibre leads to improvement of the welfare of broiler breeders as indicated by H:L ratios (Zuidhof et al. 1995; Hocking et al. 2004) . Antibody titers have also been used as a similar indicator; providing forage substrates to laying hens reduces stress as indicated by improved immune response (El-Lethey et al. 2000) . The H:L ratios in the present work were not affected by treatment and the finding that the ratios were similar to previously published normal values, suggest that neither the control or silage-fed hens were stressed.
Conclusions
This study demonstrated that hens voluntarily consume relatively large amounts of barley silage when also provided with a nutritionally balanced layer diet. The affinity for feeding barley silage to laying hens reduced aggressive and feather-pecking behaviours and, as a consequence, improved plumage condition. There were no effects of barley silage feeding on egg production and egg quality. Using silage in a commercial situation is logistically difficult but should not be dismissed. Engineering technology undoubtedly could be developed to make feeding silage more user-friendly and thereby allow the benefits of reduced pecking behaviour observed in the present study to be achieved.
